large gastric tissue depository and the extensive clinical experience gained from gastric cancer surgery, we work as a 'translational researcher' to apply basic research tools and results to the clinical field. We are also interested in providing answers to the questions in the operating room using the methods of basic research. I would like to introduce our research activities in this review paper.
for resection and anastomosis. If cancer cells detach from the primary site into the lumen, these contaminated gastric contents can be a source of dissemination into the peritoneal cavity. In addition, if lymph nodes are invaded by cancer cells, the inadequate closure of lymphatic vessels during dissection can result in cancer cell spillage into the peritoneal cavity.
Therefore, we hypothesized that during radical gastric cancer surgery, cancer cells from the gastric lumen and from the lymphovascular vessels can be sources of peritoneal seeding. In our study, intragastric cancer cell positivity increased by stage as well as by surgical maneuver. Five out of 38 patients (13.2%) converted from negative intragastric cytology to positive cytology during the operation. Additionally, about half of the T3 (tumor penetrates serosa without invasion of adjacent structures) patients showed intragastric cytology positivity at the moment of resection, although we had manipulated the stomach gently during dissection. Interestingly, free cancer cells from intragastric fluid were even found in the patients with T1 gastric cancer. These results suggest that manipulation of the stomach with gastric cancer can increase the detachment of tumor cells into the gastric lumen, that these cells can spread into the peritoneal cavity when the lumen of the stomach is opened during the operation, and that the free cancer cells in the gastric lumen can be the source of peritoneal recurrence even in serosa-noninfiltrating node-negative gastric cancer patients [10] . We analyzed cancer cells by CEA RT-PCR in an ex vivo surgical specimen study, using clipped versus opened lymphovascular pedicles. The differences of CEA mRNA amplification were more evident when lymphovascular pedicles in the specimen were closed rather than when they were opened. The CEA mRNA levels of 7 of 14 patients (50%) also increased more than twice after the lymphovascular vessels were opened compared to the sealed channels. In this report, using an ex vivo specimen, we clearly demonstrated that cancer cells spill out from the lymphovascular channels [10] .
We demonstrated that not only the extent of lymph node dissection but also how to do it is important in gastric cancer surgery. Our model simulated intraperitoneal cancer cell leakage, and provided scientific evidence, according to the principles of oncological surgery, that lymphovascular structures should be well-controlled to prevent cancer cell spillage during surgery. We emphasized that during radical gastric cancer surgery, lymphovascular vessels should be carefully secured either with clips or energy-based devices to avoid cancer cell spillage, which can result in peritoneal seeding. These results also recommend not performing a dissection with sharp scissors or scalpel, which would open lymphovascular vessels during dissection. In addition, previous studies reported that extensive intraoperative peritoneal lavage can be a useful prophylactic strategy for peritoneal recurrence in patients with gastric cancer [11] [12] [13] .
Implication of Serum Gastrin Level after Proximal Gastrectomy
Gastrin is a gastrointestinal hormone, produced by G cells in the gastric antrum, which stimulates acid secretion from parietal cells. Gastrin is also a growth factor of cancerous and normal cells of the gastrointestinal tract. Gastrointestinal hormones regulate gastrointestinal homeostasis by affecting cell proliferation, differentiation, apoptosis and gene expression [14] . Moreover, elevated plasma gastrin concentrations are associated with increased parietal cell mass and hyperplasia of histamineproducing ECL cells [15] [16] [17] . The biological action of gastrin is mediated by its receptor, gastrin/CCK-B receptor [18] . Gastrin/CCK-B receptor has been reported to be present on the surface of human colonic, pancreatic and gastric cancer cell lines [19] [20] [21] . An epidemiological study demonstrated that above-normal gastrin levels are associated with an increased risk of colorectal malignancy [22] .
We investigated the expression profiles of gastrin and gastrin/CCK-B receptor in human gastric carcinoma tissues and examined their prognostic significance. We reported the gastrin expression rate in gastric cancer was 47.7% (133/279) and the gastrin receptor expression rate was 56.5% (158/279). Gastrin expression was significantly higher in differentiated gastric adenocarcinoma than in the undifferentiated type (55.1 vs. 43.0%), as was the gastrin receptor expression rate (72.9 vs. 46.5%) which was also significantly higher in the intestinal type than in the diffuse type (75.2 vs. 42.9%). Gastrin and gastrin/CCK-B receptor expressions in themselves were not found to be significant prognostic factors. There was an association between gastrin and gastrin receptor expression. We also found that patients with diffuse-type gastric carcinoma tissues expressing both gastrin and gastrin receptor had a poorer prognosis than those who were negative for both, which suggests that gastrin acts as an autocrine growth factor in a subgroup of gastric carcinomas [23] . In addition, after a proximal gastrectomy for gastric cancer, antral gastrin secretion was increased because the target parietal cell mass was lost in these patients ( fig. 1 ). Actually, in half of proximal gastrectomy patients the serum gastrin level was increased, which may have enhanced the growth of residual gastric cancer cells because with gastric cancer these cells may also have some gastrin receptor (about 50%). This finding provides a molecular biological basis for performing proximal gastrectomy only for early gastric cancer in the upper third of the stomach [24] .
Exploring the Local Drug Delivery System for Gastric Cancer
Peritoneal dissemination in patients with cancer recurrence or far-advanced cancer is known to be an intractable problem. Many efforts have been made to develop treatments for peritoneal carcinomatosis, including systemic and intraperitoneal chemotherapy, perito nectomy and thermotherapy. However, systemic chemotherapy is known to be ineffective in peritoneal carcinomatosis patients because drugs do not attain effective concentrations in the peritoneal cavity. Intraperitoneal chemotherapy may result in complications because chemotherapeutic agents are transiently present in high doses.
Thermosensitive hydrogels have gained increasing attention in the field of controlled drug release, to meet the need for prolonged and better control of drug administration, based on their intelligent and reversible behavior in response to temperature variation [25] [26] [27] . Reverse thermal gelation of biodegradable polymers has been reported [28] [29] [30] [31] [32] . The polymers are liquid in the sol phase at low temperature, but they gel rapidly at -25 ° C. The cold sol phase containing drugs can form a gel and act as a depot for the sustained release of drugs in situ, thereby allowing preferential accumulation of the drug at the injection site. These biodegradable, thermally reversible polymers have potential applications in targeted drug delivery, especially in delivering anticancer drugs to tumor sites [33] [34] [35] . Furthermore, targeted drug delivery using biodegradable polymers offers improved efficacy, minimal side effects, and low toxicity to other organs [36] [37] [38] .
In a previous study, we reported that a thermosensitive hydrogel containing doxorubicin effectively permitted drug delivery into a tumor site and suppressed tumor growth [39] .
Considering the potential benefit of thermosensitive hydrogels to deliver high-concentration drugs without systemic toxicity, we tested the idea that this hydrogel system could be applied to treat peritoneal carcinomas. In a mouse model, we showed that a hydrogel combined with paclitaxel was a more effective treatment for peritoneal carcinomatosis than PBS or the hydrogel alone (the bioluminescence method using a luciferase-transfected gastric cancer cell line). A paclitaxel solution had a similar antitumor effect, but such treatment was associated with significant side effects, which were absent when the drug was mixed with a hydrogel. In addition, the dose of paclitaxel (15 mg/kg) in the hydrogel was half of that for animals treated with paclitaxel solution (30 mg/kg) only. We demonstrated that a thermosensitive controlled-release hydrogel system can be used to treat carcinomatosis in a peritoneal dissemination mouse model with minimal side effects. A polymeric hydrogel mixed with an anticancer drug may be a safe and effective treatment modality for patients with peritoneal carcinomatosis [40] . a b Fig. 1. a , b After proximal gastrectomy and losing parietal cell mass, serum gastrin level can be increased.
Operating Room to Bench for Gastric Cancer

Familial Gastric Cancer
Even though it has been reported that CDH1 is related to diffuse-type familial gastric cancer, no genetic mutation has yet been found in Korea. A patient with familial gastric cancer (FGC) was shown to harbor a germline mutation in the TP53 gene, which encodes p53 and has been previously associated with Li-Fraumeni syndrome. To determine whether mutations in TP53 are associated with FGC in Asians, we screened the entire coding region of TP53 in probands from 23 Korean FGC families. We identified a nonsense (E287X) TP53 germline mutation in a family whose history was compatible with both hereditary diffuse gastric cancer and Li-Fraumeni syndrome. Two members of this family (SNU-G2) were afflicted with brain tumors, 7 with gastric cancers, 2 with sarcomas and 1 with both gastric cancer and a sarcoma. The E287X TP53 mutation segregated with the cancer phenotype in the family members [41] . Another Korean family with the germline c-Met mutation has been reported [42] . Although quite a high number of families meet the criteria for FGC, no CDH1 germline mutation has been reported in Korea or Japan.
A family with CDH1(-) ( fig. 2 ) had a very strong familial history of gastric cancer, but there was no CDH1 or p53 mutation [43] . I operated on a member of this family 10 years ago. Although family members were followed by gastroscopic examination, one of the family members was recently diagnosed with gastric cancer already in stage IV. With limited family members and limited tissue availability, we could not do any classic linkage analysis except to look at the CDH1 or p53 germline mutation (both were negative). But now we can perform whole-genome sequencing and the most updated bioinformatic techniques on these family members. We will report the result shortly.
Carcinogenesis of Gastric Cancer (Epigenetic Regulation, microRNAs and cDNA Microarray)
We utilized a large volume of gastric cancer tissue from a depository to try to find genetic or epigenetic mechanisms involved in the development of gastric cancer. We identified several RNAs which were up-or downregulated in gastric tumor tissues with a greater tendency to lymphatic metastasis compared to the matched nonlymphatic metastasis gastric cancer using cDNA microarray. In collaboration with Dr. J. Goldenring at Vanderbilt University, Nashville, Tenn., USA, we worked on precancerous lesions such as intestinal metaplasia or spasmolytic-polypeptide-expressing metaplasia for gastric cancer. In the course of this study, we managed to find a good prognosis marker (CDH17) in early gastric cancer [44] .
We identified some microRNAs and methylation patterns of the genes which are related to carcinogenesis in gastric cancer, and are now working on animal studies of transgenic mice overexpressing miR-221 in the stomach [45] . We also used the genome-wide research to identify target genes which are related to specific phenotypes. Lymph node metastasis is one of the most important risk factors and the major determinant of the extent of lymphatic dissection in gastric cancer. To identify the genetic markers, we selected some patients from our tissue depository who showed two extreme T and N stages; T2N3 (relatively small tumor with many positive metastatic lymph nodes) and T3M0 (bulky and deep tumor with no lymph node metastasis) according to the 6th TNM classification. We extracted RNAs from the tumors and the normal paired frozen-tissue samples, and performed cDNA microarray using the Affymetrix GeneChip Human Genome U133A 2.0 array (Affymetrix Inc., Santa Clara, Calif., USA). We found genes that showed a significantly differential expression between T2N3 and T3N0, and are now conducting a detailed investigation of these candidate genes.
These 'omics' techniques enable the comparison of expression profile and tens of thousands of genes simultaneously, and have a varied applicability in translational research in terms of molecular diagnosis, prognostic prediction and targeted therapy. The microarray gene chip technique was used to identify the genes associated with 60 36 GC GC 27 30 34 29 GC 33 35 GC GC 36 22 28 23 GC Fig. 2 . A family with a strong gastric cancer background but germline CDH1(-) mutation.
tumor progression including tumor depth, lymph node metastasis and peritoneal seeding [46] [47] [48] , histological type (e.g. intestinal or diffuse) [49] [50] [51] and acquired drug resistance [52, 53] . The comparative genomic hybridization (CGH) technique has been used to research the copy number variations of gastric cancer. The copy number alteration of a gene is one of the important mechanisms employed by a cancer cell to regulate the expression of proto-oncogenes and tumor suppressor genes. Genome-wide CGH microarray is a powerful method that can provide a high resolution of information regarding breakpoints of gene copy number changes as well as the functional significance of these changes. Several target genes with copy-numberassociated gene expression changes have been identified by different authors [54] [55] [56] , and it has also been reported that the cluster pattern of the RNA profile pattern in microarray CGH is significantly correlated with lymph node status and survival rate [57] . Recently, a gene fusion, which is hard to find in solid cancer, was found in gastric cancer by Tao et al. [58] who performed high-density array-based CGH microarrays using 133 gastric cancers (106 primary tumors and 27 cell lines), and identified genomic breakpoints specifically localized to the 5 region of the SLC1A2/EAAT2 gene, encoding a high-affinity glutamate transporter in 4 of them. They further analyzed and reported that CD44-SLC1A2 gene fusion most likely causes SLC1A2 transcriptional dysregulation and then establishes a pro-oncogenic metabolic milieu favoring tumor growth and survival.
Serial analysis of gene expression (SAGE) is another powerful technique which enables genome-wide analysis of gene expression in a quantitative manner without prior knowledge of the gene sequences. It can identify genes upregulated or downregulated in tissues and cells of interest, by serial sequencing of about 10-bp-sized multiple tags within a single clone [59] . Yasui et al. [60] , the representative researchers of the SAGE method in gastric cancer, generated a total of 137,706 tags (including 38,903 unique tags), which constitutes the largest gastric cancer SAGE library in the world. From the results of SAGE, they also introduced a custom-made array 'Ex-STOMACHIP', containing 395 highly differentially expressed genes, for further research [60, 61] . From the SAGE results, they could also identify some important genes such as HMGB1 (amphoterin), which is related to invasion and metastasis, and later the potential serum marker olfactomedin 4 and Reg IV [62] .
Genetic polymorphism is an important determinant in carcinogenesis. Polymorphisms of genes whose expression is highly altered in cancer can be related to individual cancer susceptibility and could also be a target of therapy. The majority of genetic variation in humans is believed to be due to single-nucleotide polymorphisms (SNPs). Because most cancer develops not by mutation of a single gene but has multifactorial and polygenic causes, genome-wide association study (GWAS) has been introduced to overcome the limitation of linkage analysis that is suitable for monogenic 'Mendelian' diseases [63, 64] . One of the essential elements of a GWAS is the provision of comprehensive information on common variations of human DNA sequences by the database. Since the human genome project started, much information about SNPs has been accumulated and made available [65, 66] , and the International HapMap Project [67] and the 1000 Genomes Project are in progress (http://www.1000genomes. org/). Regarding gastric cancer, the Japanese GWAS study using the GeMDBJ database (genome medicine database of Japan) is the most representative [68] . It was first started by a group led by Yusuke Nakamura at RIKEN (Institute of Physical and Chemical Research) and the Institute of Medical Science, University of Tokyo, who started a systematic resequencing of genomic DNA of Japanese individuals and constructed the JSNP database in 2002. Following RIKEN's successes, a JSNP-based GWAS was continued as a part of the Millennium Genome Project organized by the Japanese government [69] . One of the successes of the study was to find a common missense SNP (Met1Thr/rs2294008) in exon 1 of the PSCA gene, which is strongly associated with gastric cancer [70] . The PSCA gene has been validated not only in Japan [71] , but also in the Korean population [70] , in China [72, 73] and in Caucasian populations [74] [75] [76] .
The next generation of sequencing, including RNAseq, is a promising revolutionary tool for transcriptomics [77] . While the microarray technique relies on existing knowledge about genome sequence and high background levels owing to cross-hybridization, the RNA-seq method can catalogue all species of transcript including mRNAs, noncoding RNAs and small RNAs. Because RNA-seq uses high-throughput sequencing instead of Sanger sequencing, it can provide a great amount of information about genes in the resolution of a single base at a relatively low cost. The cost is expected to decrease further, and it may yet enable the whole transcript sequencing of every gastric cancer tissue of interest and facilitate the molecular study of gastric cancer.
